The details of Lagrangian description of irreducible integer higher-spin representations of the Poincare group with an Young tableaux Y [ŝ 1 ,ŝ 2 ] having 2 columns are considered for Bose particles propagated on an arbitrary dimensional Minkowski space-time. The procedure is based, first, on using of an auxiliary Fock space generated by Fermi oscillators (antisymmetric basis), second, on construction of the Verma module and finding auxiliary oscillator realization for sl(2) ⊕ sl(2) algebra which encodes the second-class operator constraints subsystem in the HS symmetry superalgebra. Application of an BRST-BFV receipt permits to reproduce gauge-invariant Lagrangians with reducible gauge symmetries describing the free dynamics of both massless and massive mixed-antisymmetric bosonic fields of any spin with appropriate number of gauge and Stueckelberg fields. The general prescription possesses by the possibility to derive constrained Lagrangians with only BRST-invariant extended algebraic constraints which describes the Poincare group irreducible representations in terms of mixed-antisymmetric tensor fields with 2 group indices.
Introduction
The belief to reconsider the problems of an unique description of variety of elementary particles and known interactions maybe resolved within higher-spin (HS) field theory whose revealing together with the proof of supersymmetry display, and finding a new insight on origin of Dark Matter remains by the aims in LHC experiment programm ( [1] ). Because of the existence of so-called tensionless limit in the (super)string theory [2] , which operates with an infinite tower of HS fields with integer and half-integer spins, the HS field theory may be considered both of superstring theory part and as an method to study a superstring theory structure. On present state of HS field theory we recommend to know from reviews [3] , [4] , [5] , [6] . The paper considers the results of constructing Lagrangian formulations (LFs) for free integer both massless and massive mixed-antisymmetry tensor HS fields on flat R 1,d−1 -space-time subject to arbitrary Young tableaux (YT) with 2 columns Y [ŝ 1 ,ŝ 2 ] forŝ 1 ≥ŝ 2 in Fronsdal metric-like formalism on a base of BFV-BRST approach [9] , and precesses the results which appear soon in [7] (as well as for fermionic mixed-antisymmetric spin-tensor HS fields on R 1,d−1 -space-time subject to arbitrary Y [n 1 + 1 2 ,n 2 + 1 2 ] in [8] ). The irreducible Poincare or (Anti)-de-Sitter ((A)dS) group representations in the constant curvature space-times may be described both by mixedsymmetric HS fields subject to arbitrary YT with k rows, Y (s 1 , ..., s k ), (case of symmetric basis) determined by more than one spin-like parameters s i [10] , [11] and, equivalently, by mixed-antisymmetric tensor or spin-tensor fields subject to arbitrary YT now with l columns, Y [ŝ 1 , ...,ŝ l ], (case of antisymmetric basis) with integers or half-integersŝ 1 ≥ŝ 2 ≥ ... ≥ŝ l having a spin-like interpretation [7] , [8] . Both mixedsymmetric and mixed-antisymmetric HS fields appear for d > 4 space-time dimensions, in addition to totally symmetric and antisymmetric irreducible representations of Poincare or (A)dS algebras. Whereas for the latter ones and for mixed-symmetric HS fields case the LFs both for massless and massive free higher-spin fields is well enough developed [12] , [13] , [14] , [23] , [25] , [26] as well as on base of BFV-BRST approach, e.g. in [15] - [22] , for the mixed-antisymmetric case the problem of their field-theoretic description has not yet solved except for the constrained bosonic fields subject to Y [ŝ 1 ,ŝ 2 ] on the level of the equations of motion only [27] in so-called "frame-like" formulation.
We use, first, the conventions for the metric tensor η µν = diag(+, −, ..., −), with Lorentz indices µ, ν = 0, 1, ..., d − 1, second, the notation ǫ(A), gh(A) for the respective values of Grassmann parity and ghost number of a quantity A, and denote by [A, B} the supercommutator of quantities A, B, which for theirs definite values of Grassmann parities is given by [ 
This field is antisymmetric with respect to the permutations of each type of Lorentz indices µ i , and obeys to the Klein-Gordon (2), divergentless (3), traceless (4) and mixed-antisymmetry equations (5) :
where the bracket below in (5) denotes that the indices in it are not included into antisymmetrization, i.e. the antisymmetrization concerns only indices [
]. Combined description of all integer spin mixedantisymmetric ISO(1, d − 1) group irreps can be reformulated with help of an auxiliary Fock space H f , generated by 2 pairs of fermionic creation a
and a set of constraints for an arbitrary string-like vector
The set of 3 even and 2 odd, l i , primary constraints (7), (8) with {o α } = l 0 , l i , l 12 , t 12 , because of the property of translational invariance of the vacuum, ∂ µ |0 = 0, are equivalent to (2)- (5) for all possible heights s 1 ≥ s 2 . In turn, when we impose on |Φ the additional to (7), (8) constraints with number particles
these combined conditions are equivalent to Eqs. (2)- (5) for the field
The procedure of LF construction implies the property of BFV-BRST operator Q, Q = C α o α + more, to be Hermitian, that is equivalent to the requirements: {o α } + = {o α } and closedness for {o α } with respect to the supercommutator multiplication [ , }. Evidently, the set of {o α } violates above conditions. To provide them we consider in standard manner an scalar product on H f ,
As the result, the set of {o α } extended by means of the operators,
is closed with respect to Hermitian conjugation, with taken into account of (l
. It is rather simple exercise to see the second requirement is fulfilled as well if the number particles operators g i 0 will be included into set of all constraints o I having therefore the structure,
12 , t 12 } and {o A } = {l 0 , l i , l i+ }, may be considered from the Hamiltonian analysis of the dynamical systems as the operator respective 4 second-class and 5 first-class constraints subsystems among {o I } for topological gauge system (i.e. with zero Hamiltonian) because of,
Here the constants f [ ↓, →} Because of only the generators which do not contain space-timer derivatives, ∂ µ , are the second-class
Therefore, one should to get new operator realization of this subalgebra. Note, this subalgebra is isomorphic to sl(2) ⊕ sl (2) .
An auxiliary oscillator realization of sl(2) ⊕ sl(2) algebra can be found by using Verma module concept [28] and explicitly derived in the form 
whose solution may be presented in the form,
and |n 1 , n 2 = (b
BRST-BFV operator and Lagrangian formulations
Because of algebra of O I under consideration is a Lie superalgebra
′ is constructed in the standard way
with the constants f K JI from the table 1, constraints (18) and for zero-mode ghosts {η 0 , P 0 } = ı, {η
ij . The ghosts possess the standard ghost number distri-bution, gh(C I ) = −gh(P I ) = 1 =⇒ gh(Q ′ ) = 1. Therefore, BRST-BFV operator Q ′ and Q are determined as
with real ǫ ij = −ǫ ji , ǫ 12 = 1. The property of Q ′ to be Hermitian in H tot , H tot = H f ⊗H ′ ⊗H gh is determined by the rule
To 
where the integers {n} b = n qi , n pi , n bi ∈ N and {n} f = n η0 , n η12 , n P12 , n ϑ12 , n λ12 ∈ Z 2 . From the BRST-like equation, determining the physical vector (23) and from the set of reducible gauge transformations, homogeneous in ghost number
, for gh(|χ ) = gh(|Λ (k) )+ k + 1 = 0, the decomposition in η i G leads to the relations:
with r = s 1 + s 2 being the stage of reducibility both for massless and for the massive bosonic HS field. Resolution the spectral problem from (24) yields the eigenvectors of the operators σ i : |χ
, n 1 ≥ n 2 ≥ 0 and corresponding eigenvalues of the parameters h i (for massless HS fields i = 1, 2),
One can show, first, the operator Q is nilpotent on the subspaces determined by the solution for (24) , second, to construct Lagrangian for the field corresponding to a definite YT (1) we must put n i = s i , and, third, one should substitute h i corresponding to the chosen n i (25) into Q (19) and relations (24) . Thus, the equation of motion (24) 
[s]2 = 0. (27) The equation of motion (26) are Lagrangian with appropriate numbers of auxiliary HS fields and derived from a gauge-invariant Lagrangian action (for 
for A ∈ {L 12 , T 12 , σ 
Conclusion
Thus, we have constructed gauge-invariant unconstrained and constrained Lagrangian descriptions of free integer HS fields belonging to an irreducible representation of the Poincare group ISO(1, d − 1) with the arbitrary Young tableaux having 2 columns in the "metric-like" formulation. The results of this study are the general and obtained on the base of universal method which is applied by the unique way to both massive and massless bosonic HS fields with a mixed antisymmetry in a Minkowski space of any dimension.
